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FOREWORD 
The work descr ibed  h e r e i n  i s  sponsored by t h e  Nat iona l  Aeronaut ics  
and Space Adminis t ra t ion  under Contract  NAS 3-6474. R .  L .  Davies and 
P .  L .  Stone of NASA-Lewis Research Center  are t h e  NASA Technica l  Managers. 
The program i s  being adminis te red  for t h e  General E lec t r ic  Company 
by E .  E .  Hoffman, and R .  W.  Harr ison is a c t i n g  as t h e  Program Manager. 
Personnel  making major c o n t r i b u t i o n s  t o  t h e  program dur ing  t h e  c u r r e n t  
r e p o r t i n g  per iod inc lude  : 
T-111 Corrosion Loop Operat ion - A .  Losekamp 
P a r t i a l  P re s su re  G a s  A n a l y s i s  - T.  Lyon 
1900’F Lithium Loop - J.  Smith and T .  I rwin 
Advanced Tantalum Alloy Capsule T e s t s  - G .  Brandenburg 
V 
ADVANCED REFRACTORY ALLOY CORROSION LOOP PROGRAM 
I 
I .  INTRODUCT I ON 
This  r epor t  covers  t h e  per iod from January 15, 1970 t o  A p r i l  15,  
1970 of a t h r e e  p a r t  program. 
A .  T - l l l  Rankine Svstem Corrosion Tes t  LOOD 
The primary t a s k  of t h i s  program is  t o  f a b r i c a t e ,  ope ra t e  f o r  
10,000 hours ,  and eva lua te  a T-111 Rankine System Corrosion Tes t  Loop. 
Mate r i a l s  f o r  e v a l u a t i o n  inc lude  t h e  containment a l l o y ,  T-111 (Ta-8W-2Hf) 
and t h e  t u r b i n e  candida te  m a t e r i a l s  Mo-TZC and Cb-132M which are loca ted  
i n  t h e  t u r b i n e  s imula to r  of t h e  two-phase potassium c i r c u i t  of t h e  systeni 
The loop design i s  s i m i l a r  t o  t h e  Cb-1Zr Rankine System Corrosion Test  
Loop; a two-phase, forced  convect ion,  potassium co r ros ion  t e s t  l o o p  
which w a s  tes ted under Contract  NAS 3-2547. Lithium i s  heated by 
d i rec t  r e s i s t a n c e  i n  a primary loop.  H e a t  r e j e c t i o n  for condensat ion 
i n  t h e  secondary potassium loop i s  accomplished by r a d i a t i o n  i n  a high 
vacuum environment t o  t h e  water cooled chamber. The compa t ib i l i t y  of 
t h e  s e l e c t e d  m a t e r i a l s  w i l l  be eva lua ted  a t  cond i t ions  r e p r e s e n t a t i v e  
of space e l e c t r i c  power system ope ra t ing  cond i t ions ,  namely: 
a .  
b.  
C .  
d .  
e .  
f .  
g -  
h .  
Boi l ing  temperature ,  2050°F 
Superheat tempera ture ,  2150°F 
Condensing tempera ture ,  1400°F 
Subcooling temperature ,  1000°F 
Mass flow r a t e ,  40 lb /h r  
Bo i l e r  e x i t  vapor v e l o c i t y ,  50 f t / s e c  
Average hea t  f l u x  i n  plug (0-18 i n c h e s ) ,  240,000 Btu/hr f t  
Average heat  f l u x  i n  b o i l e r  (0-250 i n c h e s ) ,  23,000 Btu/hr f t  
2 
2 
("Hoffman, E .  E .  and Holowach, J . ,  Cb-1Zr Rankine System Corrosion T e s t  
Loop, Potassium Corrosion T e s t  Loop Development Topical  Report N o .  7 ,  
NASA-CR-1509, 1970. 
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B .  1900°F Lithium Loop 
Also included i n  t h e  program is t h e  f a b r i c a t i o n ,  7500-hour ope ra t ion ,  
and e v a l u a t i o n  of a 1900°F, high flow v e l o c i t y  ( 1  gpm), pumped l i t h i u m  
loop designed t o  e v a l u a t e  t h e  c o m p a t i b i l i t y  of T-111 c lad  f u e l  specimens, 
ASTAR 811 type  a l l o y s ,  T-111, Mo-TZM and W-Re-Mo Alloy 256, a t  c o n d i t i o n s  
s imula t ing  a space power r e a c t o r  system. 
* 
C .  Advanced Tantalum Alloy Capsule Tes t  
In  a d d i t i o n  t o  t h e  primary program t a s k  c i ted  above t h e  program 
a l s o  inc ludes  capsule  t e s t i n g  t o  e v a l u a t e  advanced tan ta lum a l l o y s  of 
t h e  ASTAR 811 type  (Ta-8W-1Re-1Hf) i n  both potassium and l i t h i u m .  Reflux- 
ing potassium capsule  tes ts  a t  2200°F and l i t h ium thermal  convect ion 
capsule  tes ts  a t  2400'F have completed 5000 hours of t e s t i n g  and t h e  t es t  
specimens a r e  being eva lua ted .  
* 
W-25 a /o  Re-30 a /o  Mo (W-29 w/o R e - 1 8  w/o M o )  
2 
11. SUMMARY 
On March 18, 1970 t h e  T-111 Rankine System Corrosion Test  Loop suc-  
c e s s f u l l y  completed t h e  planned 10,000 hours  of cont inuous ope ra t ion .  
The a l k a l i  metal has  been dra ined  from t h e  loop  and p repa ra t ion  f o r  
p o s t t e s t  e v a l u a t i o n  has been i n i t i a t e d .  Visual examinat ion of t h e  loop 
showed i t  t o  be i n  excellent cond i t ion .  
The 1900'F Lithium Loop achieved test c o n d i t i o n s  on January 31, 1970. 
The loop  is ope ra t ing  s a t i s f a c t o r i l y  and as of A p r i l  15, 1970, 1725 tes t  
hours have been accumulated.  
The two ASTAR 811C potassium r e f l u x  capsu le s  s u c c e s s f u l l y  completed 
5000 hours of t e s t i n g  on February 24, 1970. One of  t h e  capsu le s  has  been 
opened and i s  being prepared for p o s t t e s t  e v a l u a t i o n .  
3 
>. . 
111. PROGRAM STATUS 
A .  T-111 Rankine System Corrosion T e s t  Loop 
1 . Loop Operat ing Temperatures 
The T-111 Corrosion Tes t  Loop s u c c e s s f u l l y  completed t h e  planned 
10,000 hours o f  cont inuous ope ra t ion  on March 18, 1970. The loop  t e m -  
pe ra tu re s  recorded j u s t  p r i o r  t o  t h e  shutdown are shown i n  Figure 1 and 
t h e  tempera tures  of major i n t e r e s t  are summarized i n  t h e  schematic  i n  
Figure 2 .  The performance of t h e  loop w a s  e x c e l l e n t  and t h e  power 
input  t o  t h e  l i t h i u m  h e a t e r  remained on automatic  c o n t r o l  f o r  t h e  f i n a l  
4000 hours of t h e  t es t  w i t h  e x c e l l e n t  tempera ture  c o n t r o l  being main ta ined .  
A comparison of t h e  ope ra t ing  c o n d i t i o n s  a t  1000 hours ,  5000 hours and 
10,000 hours shown i n  Table  I f u r t h e r  exempl i f i e s  t h e  s t a b i l i t y  of t h e  
l o o p ' s  performance . 
2 .  Turbine Simulator  Performance 
The c a l c u l a t e d  vapor v e l o c i t i e s  of t h e  t u r b i n e  s imula to r  nozz les  a t  
10,000 hours are presented i n  Table  I1 f o r  a mass f low rate  of 36 l b / h r  of 
potassium. 
f t / s e c .  The vapor v e l o c i t y  i n  t h e  88-percent-qual i ty  r eg ion  ranged from 
a high of 1240 f t / s e c  i n  t h e  second-stage nozz le  t o  a low of 1095 f t / s e c  
i n  t h e  t e n t h  s t a g e  nozz le .  
1000 f t / s e c  des ign  v e l o c i t y .  
The vapor v e l o c i t y  i n  t h e  superheated f i r s t  s t a g e  was 1030 
A l l  vapor v e l o c i t i e s  w e r e  h igher  t han  t h e  
The h ighe r  t han  des ign  v e l o c i t y  is  a t t r i b u t e d  t o  t h e  lower than  p r e -  
d i c t e d  vapor p re s su re  a t  t h e  i n l e t  t o  t h e  t u r b i n e  s imula to r  due t o  a 
h igher  t han  p red ic t ed  p res su re  drop  i n  t h e  b o i l e r .  The h igher  t han  pre-  
d i c t e d  p res su re  loss  i n  t h e  b o i l e r  is  due t o  t h e  h igh  heat t r a n s f e r  r a t e  
i n  t h e  18-inch-long plug and t h e  r e s u l t i n g  high vapor q u a l i t y  i n  t he  
en t r ance  s e c t i o n  of t h e  b o i l e r .  For a g iven  mass Plow ra te ,  t h e  pressure 
drop i n  t he  tube  i s  inve r se ly  p ropor t iona l  t o  t h e  vapor d e n s i t y .  
3 .  T e s t  Chamber Environment-Part ia l  Pressure  Analys is  
The chamber p re s su re  and p a r t i a l  p re s su res  of t h e  va r ious  gas s p e c i e s  
i n  t h e  t e s t  chamber dur ing  t h e  e n t i r e  10,000 hours  of loop ope ra t ion  are 
5 
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Figure  2. T-111 Corrosion T e s t  Loop Operat ing Temperatures - 10,000 Hours. 
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TABLE: r 
T-111 RANKINE SYSTEM CORROSION TEST LOOP PERFORMANCE 
Date 
Te s t Hours 
Lithium Flow R a t e  
Lithium Temperature, In  
Lithium Temperature , Out 
Lithium AT 
Potassium Flow R a t e  
Plug Boi l ing  Temperature 
Bo i l e r  Ex i t  Vapor Temp. 
Bo i l e r  Ex i t  S a t u r a t i o n  Temp. 
Potassium Vapor Superheat 
Condensing Temperature 
Potassium Heat Input 
1. Preheat  
2 .  Heat of Vaporizat ion 
3. Superheat 
TOTAL 
T o t a l  Power t o  4 i th ium Heater 
T o t a l  Power t o  Potassium 
Net H e a t  Loss 
3-8-69 
1000 
205 l b s / h r  
2253 OF 
2078 OF 
175 OF 
36 l b s / h r  
2048 OF 
2147 OF 
2012 OF 
135 OF 
1416 OF 
2280 Btu/hr 
26 , 300 Btu/hr 
1040 Btu/hr 
29,620 Btu/hr 
13 .2  kw 
8 . 7  kw 
8 -22 -69 
5000 
229 Ibs /hr  
2239 OF 
2078 OF 
161 OF 
38 l b s / h r  
2052 OF 
2137 OF 
2012 OF 
125 OF 
1911 OF 
2410 Btu/hr 
27,600 Btu/hr 
960 Btu/hr 
30,970 Btu/hr 
13.8 kw 
9.0 kw 
3-18-70 
10,000 
234 l b s / h r  
2239 OF 
2087 OF 
152 OF 
36 l b s / h r  
2050 OF 
2138 OF 
2012 OF 
126 O F  
1411 OF 
2260 Btu/hr 
26,500 Btu/hr 
920 Btu/hr 
29,680 Btu/hr 
14.0 kw 
8 .7  kw 
4.5 kw 4.8  kw 5.3 kw 
8 
n 
TABLE I1 
T-111 RANKINE SYSTEM CORROSION TEST LOOP TURBINE 
SIMULATOR PERFORMANCE AT 10,000 HOURS 
Nozzle 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Nozzle 
D i  ame t er 
Mate r i a l  (R.T.), Inch 
Mo-TZC 0.0892 
Mo-TZC 0.0881 
Mo-TZC 0.0964 
Mo-TZC 0.1083 
Mo-TZC 0.1181 
Cb-132M 0.1292 
Mo-TZC 0.1457 
Mo-TZC 0.1598 
C b -1 3 2M 0.1784 
Mo-TZC 0.1986 
I n l e t  
Temperature 
OF 
2142 
1890 
1834 
1774 
1716 
1664 
1611 
1562 
1514 
1471 
E x i t  
P r e s s u r e  
PSIA 
110.0 
91.0 
74.0 
60.0 
49.5 
40.0 
32.5 
26.3 
21.5 
17.6 
Vapor 
ve loc i ty"  
f t / s e c  
1030 
1240 
1245 
1200 
1205 
1220 
1165 
1180 
1140 
1095 
* 
Nozzle e x i t  
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summarized i n  Figure 3 .  The d a t a  f o r  t h e  i n i t i a l  1000 hours of t e s t i n g  
a r e  shown on an expanded scale s i n c e  t h i s  is  where t h e  l a r g e s t  changes 
were observed.  Following t h i s  i n i t i a l  l a r g e  decrease ,  t h e r e  was a 
continued gradual  decrease i n  most s p e c i e s  f o r  t h e  per iod 1000 t o  6500 
hours a t  which t i m e  a l l  p re s su res  e s s e n t i a l l y  l eve led  of f  and remained 
cons tan t  u n t i l  t h e  shutdown a t  10,000 hours .  Only a l i m i t e d  number of 
d a t a  p o i n t s  are shown for c l a r i t y ;  however, r e s i d u a l  gas  a n a l y s i s  were 
obtained a t  least  every 24 hours .  
4 .  Termination of t h e  Loop Tes t  
The loop  test w a s  t e rmina ted  a t  1430 hours  on March 18, 1970 without  
t h e  l o s s  of a day i n  t h e  test per iod .  Only f o u r  one-hour i n t e r r u p t i o n s  
i n  t h e  t e s t i n g  w e r e  experienced du r ing  t h e  10,000 hour t es t ,  and they 
r e s u l t e d  from power i n t e r r u p t i o n s  t o  t h e  test f a c i l i t y  and not from loop  
performance . The cont inuous o p e r a t i o n  of t h e  T-111 Rankine System Cor- 
ros ion  Tes t  Loop can  be considered a major mi les tone  i n  t h e  development 
of technology for advanced space power systems.  
The loop  shutdown was performed i n  gradual  s t e p s  t o  reduce t h e  
p o s s i b i l i t y  of l a r g e  thermal  shocks from b o i l i n g  i n s t a b i l i t i e s .  The 
p l o t  of t h e  p re s su res  on e i t h e r  s i d e  of t h e  meter ing va lve ,  F igure  4 ,  
bes t  d e s c r i b e s  t h e  loop  shutdown procedure and t h e  s m a l l  i n s t a b i l i t i e s  
which were observed when t h e  potassium temperature  w a s  reduced below 
1600'F. A t  each s t e p ,  t h e  power t o  t h e  l i t h i u m  h e a t e r ,  potassium pre- 
h e a t e r ,  and both EM pumps and t h e  potassium surge  t ank  p res su re  w a s  
reduced.  The surge tank  p res su re  w a s  f i n a l l y  reduced t o  0 p s i a  and t h e  
potassium dumped i n t o  t h e  surge t a n k .  
5 .  A l k a l i  Metal Sampling and Analys is  
A sample of t h e  hot  potassium (1000'F) w a s  obtained through t h e  
sampling system shown schemat i ca l ly  i n  F igure  5 .  The potassium remain- 
ing  i n  t h e  surge tank  was then  immediately dra ined  i n t o  t h e  potassiuiii 
s t i l l  pot by g r a v i t y .  Th i s  potassium w a s  subsequent ly  vacuum d i s t i l l e d  
of f  a t  800OF. The pot w a s  opened and a small  amount (19 mg) of a b lack  
powdery r e s idue  w a s  obtained for a n a l y s i s .  The a n a l y s i s  of t h e  potas-  
sium sample and t h e  b l ack  r e s idue  are shown i n  Table  111. N o  major 
changes t o  t h e  potassium w e r e  observed as a r e su l t  of t h e  10,000 hour 
exposure t o  T-111 a t  a maximum tempera ture  of 215O0F. The b lack  r e s i d u e  
10 
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TABLE I11 
ALKALI METAL ANALYSES - T-111 RANKINE SYSTEM CORROSION TEST LOOP 
0 
C 
N 
A g  
A 1  
B 
B a  
Be 
C a  
C b  
co 
Cr 
cu 
Fe 
M g  
Mn 
Mo 
N a  
N i  
Pb 
S i  
Sr 
Sn 
T i  
v 
Zl- 
L i  
P o t a s s i u m  
A f t e r  
Pre t e s t 
PPm 
3Y4 
32 
< 2  
10 
< 30 
< 20 
< 2  
10 
< 10 
4 2  
< 2  
2 
2 
2 
< 2  
< 2  
< 20 
< 2  
20 
2 
< 2  
< 10 
< 10 
< 10 
< 10 
31 
10,000 H o u r s  
PPm 
6,11 
4 1  
L i t h i u m  
Pretest A f t e r  10,000 H o u r s  
PPm PPm PPm 
49 
3 1  
38,47 
< 5  
5 
< 50 
< 50 
< 5  
5 
< 25 
< 5  
< 5  
5 
< 5  
5 
< 5  
< 5  
e 50 
5 
< 50 
5 
5 
< 25 
< 25 
< 25 
< 25 
K = 106 
460 , 554 
81 
48,53 
< 5  
5 
< 75 
< 75 
< 5  
5 
< 25 
< 5  
< 5  
5 
< 5  
5 
< 5  
< 5  
< 125 
< 5  
< 50 
5 
5 
< 25 
< 25 
< 25 
< 25 
386,413 
65 
44,48 
< 5  
< 5  
< 75 
75 
< 5  
5 
< 25 
< 5  
< 5  
5 
< 5  
5 
< 5  
< 5  
< 125 
< 5  
< 50 
5 
5 
< 25 
< 25 
< 25 
< 25 
B l a c k  R e s i d u e  A f t e r  10,000 Hour Tes t  
Major (10 - 100%): C r y  Fe 
Minor (1 - 10%): N i ,  T i ,  L i  
Trace (0 - 1%): A g ,  A l ,  C u ,  Mg, Mn, Mo, S i ,  V 
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contained t h e  elements  of s t a i n l e s s  s teel  p l u s  l i t h i u m  which were a l s o  
observed a f t e r  d r a i n i n g  t h e  o r i g i n a l  potassium charge .  (2 1 
The i n i t i a l  l i t h i u m  d r a i n i n g  and sampling system was i d e n t i c a l  t o  
t h a t  f o r  potassium as  shown previous ly  i n  Figure 5; however, f a i l u r e  of 
t h e  bellows i n  t h e  o r i g i n a l  f i l l  va lve ,  r equ i r ed  replacement of t h i s  
va lve ,  and t h e  modified sampling system, shown i n  F igure  6,  was i n s t a l l e d .  
The l i t h i u m  w a s  hot (1100'F) dumped i n t o  t h e  surge  t ank ,  and 300 cc of 
l i t h ium w e r e  subsequent ly  dra ined  i n t o  t h e  waste t a n k  and a sample was 
obtained between t h e  dump va lve  and t h e  f i l l  va lve .  This  sample w a s  
removed and t h e  f i l l  and dump va lves  were c leaned .  The i n - l i n e  sample 
tube ,  shown by t h e  do t t ed  l i n e  i n  Figure 6,  w a s  t hen  i n s t a l l e d .  Fol- 
lowing l eak  checking and bakeout of t h e  system t h e  remaining l i t h i u m  i n  
t h e  surge t ank  was dra ined  i n t o  t h e  waste tank  a t  lOOO'F thereby  ob ta in -  
ing  a second l i t h i u m  sample i n  t h e  t r a n s f e r  l i n e .  The l i t h i u m  samples  
were analyzed and t h e  resul ts  a r e  presented i n  Table  111. The r e s u l t s  
i n d i c a t e  t h a t  t h e  oxygen concen t r a t ion  i n  t h e  l i t h i u m  increased  about 
t en - fo ld  dur ing  t h e  t es t  which could be expected as l i t h i u m  would reduce 
t h e  oxygen concen t r a t ion  of t h e  T-111 p ip ing  (without c o r r o s i o n ) .  
6 .  P repa ra t ion  f o r  P o s t t e s t  Evalua t ion  
Following t h e  removal of a l l  a l k a l i  metal from t h e  loop  and surge 
t anks ,  a l l  e l ec t r i ca l  power and water  cool ing  w a s  turned o f f ,  t h e  loop 
and vacuum chamber were allowed t o  cool  t o  room tempera ture ,  and t h e  
b e l l  j a r  removed. V i sua l  i n spec t ion  of t h e  loop and a l l  r e l a t e d  com- 
ponents showed them t o  be i n  e x c e l l e n t  c o n d i t i o n .  Except f o r  c e r t a i n  
i s o l a t e d  a r e a s ,  t h e r e  w a s  no d i s c o l o r a t i o n  of t h e  Cb-1Zr dimpled f o i l  
thermal i n s u l a t i o n .  The few areas which showed d i s c o l o r a t i o n  were i n  
c l o s e  proximity t o  t h e  s t a i n l e s s  s teel  support  s t r u c t u r e .  Photographs 
of t h e  loop  p r i o r  t o  any disassembly or removal of f o i l  are shown i n  
F igures  7, 8, and 9 .  Figure 7 shows t h e  b o i l e r  ( i n s u l a t i o n  package 
s t i l l  i n  p l a c e ) ,  l i t h i u m  i n l e t  l i n e  t o  b o i l e r ,  both t u r b i n e  s imula to r s ,  
cross-over  l i n e ,  t h e  t o p  of t h e  condenser s e c t i o n ,  and two p res su re  
'z'Advanced Refrac tory  Alloy Corrosion Loop Program, Q u a r t e r l y  Progress  
Report No. 12,  f o r  Per iod Ending June 14, 1968, NASA Contract  NAS 3- 
6474, NASA-CR-72452, GESP-144. 
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Figure 8. T-111 Corrosion Test Loop After Completion of 10,000 Hours of Testing. 
(P70-3-22C) 
18 
Figure 9. Lower Portion of T - 1 1 1  Corrosion Test Loop After Completion of 10,000 
Hours of Continuous Testing. (P70-3-22F) 
1 9  
t r a n s d u c e r s .  Figure 8 shows t h e  bottom of t h e  b o i l e r  i n s u l a t i o n  package, 
b o i l e r  plug s e c t i o n ,  condenser ,  potassium p r e h e a t e r ,  l i t h i u m  h e a t e r ,  and 
l i t h i u m  i n l e t  and r e t u r n  l i n e s .  F igure  9 i s  a photograph looking  down 
i n t o  t h e  spool  piece i l l u s t r a t i n g ,  i n  a d d i t i o n  t o  t h e  items desc r ibed  
above, t h e  s h u t t e r  assembly, potassium surge  tank  and both va lve  
assembl ies .  Close examination of t h e  meter ing va lve  revea led  t h n t  t h e  
reason  i t  became i n o p e r a t i v e  dur ing  t h e  t e s t  i s  t h a t  t h e  coupl ing  con- 
nec t ing  t h e  spu r  g e a r  s h a f t  w i t h  t h e  f l e x i b l e  c a b l e  had become disengaged.  
Following t h i s  i n i t i a l  v i s u a l  examinat ion,  thermocouples and t h e  thermal  
i n s u l a t i o n  w e r e  removed from t h e  b o i l e r ,  t u r b i n e  s imula to r s ,  and c r o s s -  
over l i n e ,  t h e  loop  components which w e r e  t o  undergo p o s t t e s t  e v a l u a t i o n .  
The thermal  i n s u l a t i o n  f o i l  was kept  s o r t e d  by l a y e r  and loop  component 
f o r  p o s t t e s t  chemical ana lys i s .  A l l  thermal  i n s u l a t i o n  w a s  d u c t i l e  and 
no evidence of contaminat ion w a s  observed.  A f t e r  removal of t h e  thermal  
i n s u l a t i o n ,  t h e s e  components were r e inspec ted  v i s u a l l y .  Again t h e s e  
components w e r e  found t o  be i n  e x c e l l e n t  cond i t ion  as.shown i n  t h e  
photographs of t h e  b o i l e r  and plug r eg ions  i n  F igu res  10 and 11. 
Auxi l ia ry  suppor t s  w e r e  i n s t a l l e d  as needed t o  support  t h e  loop  
dur ing  removal of t h e  components. The techniques  employed were s i m i l a r  
t o  those  developed du r ing  removal of t h e  b o i l e r  . (3)  The p r o t e c t i v e  v i n y l  
chamber w a s  placed over t h e  loop,  s e a l e d  t o  t h e  spool p i ece ,  evacuated 
and back f i l l e d  w i t h  helium i n  p r e p a r a t i o n  f o r  c u t t i n g  and removal of 
t h e  d e s i r e d  components. The loop  enc losed  i n  t h e  v i n y l  chamber and 
ready f o r  c u t t i n g  is shown i n  F igure  12 .  A f t e r  f i l l i n g  t h e  bag w i t h  
helium, areas t o  be c u t  w e r e  first hand f i l e d  as necessary  t o  remove 
weld metal  bu i ld  up or t o  reduce t h e  w a l l  t h i c k n e s s  s u f f i c i e n t l y  t o  be 
f i n a l l y  c u t  w i t h  a t u b i n g  c u t t e r .  A l l  f i n a l  c u t t i n g  w a s  performed w i t h  
a tub ing  c u t t e r ,  a t  t h e  areas shown i n  F igure  13, t o  e l i m i n a t e  t h e  
p o s s i b i l i t y  of i n t roduc ing  c h i p s  i n s i d e  t h e  loop tub ing .  Af t e r  making 
t h e  c u t s ,  both t h e  potassium and l i t h i u m  c i r c u i t s  w e r e  p re s su r i zed  wi th  
argon t o  v e r i f y  t h a t  no blockage occurred .  Af t e r  v e r i f i c a t i o n  of t h e  
gas  pa th ,  t h e  open tube  ends were plugged or capped wi th  s t a i n l e s s  s teel  
"Swag-lok" f i t t i n g s  . 
(3)Advanced Refrac tory  Alloy Corrosion Loop Program, Quar te r ly  Progress  
Report No. 13 f o r  Per iod Ending J u l y  15, 1968, NASA Contract  NAS 3- 
6474, NASA-CR-72483, GESP-182. 
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Figure 10,  T-111 Corrosion T e s t  Loop B o i l e r ,  and Turbine Simulator A f t e r  10,000 
Hours of Continuous Operation. (~70-4-1~) 
21 
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Figure  12 .  Vinyl  Chamber Used f o r  Cu t t ing  Operat ions on T-111 Corrosion T e s t  
Loop. (C68062842) 
2 3  
Turbine 
Simulator  
Preheat  er 
I 
I 
I 
\ 1435 
I 
- -- - Locat ion of Cuts 
Turbine S imula tor  r- .-  
L i  Pump 
I 
F igure  13. T-111 Corrosion T e s t  Loop Showing Locat ion of Cuts Necessary t o  Remove 
B o i l e r  and Turbine S imula tors  for Evalua t ion  a t  t h e  Completion of 10,000 
Hours of Tes t ing .  
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The v i n y l  chamber w a s  t hen  removed, and t h e  b o i l e r  and t u r b i n e  
s imula to r s  were removed from t h e  chamber and placed on a l a b  bench 
for c l o s e r  v i s u a l  examinat ion.  The b e l l  j a r  w a s  rep laced  and t h e  
chamber evacuated t o  main ta in  t h e  r e m a i n d e r  of t h e  loop under vacuuni 
u n t i l  needed i n  t h e  f u t u r e .  
The b o i l e r  and t u r b i n e  s imula to r s  a f t e r  removal from t h e  loop  a r e  
shown i n  Figure 1 4 .  Th i s  assembly w a s  t hen  t r a n s f e r r e d  t o  t h e  weld 
chamber i n  Bui lding 700 f o r  attachment of va lves  t o  t h e  potassium and 
l i t h i u m  i n l e t  t ub ing  t o  f a c i l i t a t e  removal of r e s i d u a l  a l k a l i  metals 
wi th  l i q u i d  ammonia. 
B. 1900'F Lithium Loop 
During t h e  c u r r e n t  r e p o r t i n g  per iod;  checkout and c a l i b r a t i o n  of 
a l l  s a f e t y ,  c o n t r o l  and in s t rumen ta t ion  c i r c u i t s  of t h e  1900'F Lithium 
Loop w a s  completed; and on January 31, 1970 t h e  loop  achieved t h e  
d e s i r e d  test c o n d i t i o n s .  On A p r i l  15, 1970 t h e  loop  had completed 
1725 hours  of t e s t i n g .  
1. Loop Operat ion 
The loop w a s  operated on manual h e a t e r  tempera ture  c o n t r o l  f o r  t h e  
f i r s t  100 hours .  Since only minor power ad jus tments  were r equ i r ed  dur ing  
t h i s  i n i t i a l  100 hours  of ope ra t ion ,  t h e  h e a t e r  power w a s  switched t o  
automatic  c o n t r o l  and has  been ope ra t ing  i n  t h i s  mode f o r  t h e  e n t i r e  test  
wi th  less than  lO'F temperature  v a r i a t i o n .  During t h i s  per iod  t h e  loop  
has  experienced s e v e r a l  shutdowns, t o t a l i n g  55 hours ,  r e s u l t i n g  from 
s a f e t y  c i r c u i t s  being a c t i v a t e d .  The major cause of t h e  shutdowns w a s  
t h e  r e s u l t  of vo l t age  i n s t a b i l i t i e s  caused by inclement weather .  None 
of t h e  shutdowns w e r e  caused by loop  i n s t a b i l i t i e s .  Two s t e p s  w e r e  
completed t o  minimize shutdowns i n  t h e  f u t u r e .  F i r s t ,  an alarm system 
w a s  connected w i t h  t h e  GE-NSP S e c u r i t y  Headquarters  and i s  a c t i v a t e d  
when t h e  loop  temperature  exceeds p r e s e t  boundaries  du r ing  non-regular 
working hours .  Secondly, a 440 v o l t ,  100 kva cons t an t  vo l t age  t r a n s -  
former w a s  connected t o  t h e  main power supply .  S ince  t h e  i n s t a l l a t i o n  
of t h e  vo l t age  s t a b i l i z e r ,  no shutdowns have been incu r red .  
2 .  T e s t  Chamber Environment - P a r t i a l  P re s su re  Analysis  
The chamber p re s su re  and p a r t i a l  p re s su re  of t h e  va r ious  gaseous 
25 
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s p e c i e s  i n  t h e  t e s t  chamber du r ing  t h e  c u r r e n t  per iod  a r e  shown i n  
Figure 15. During t h e  i n i t i a l  100 hours  a l l  p r e s s u r e s  dropped r a t h e r  
s h a r p l y ;  t h i s  was fol lowed by a somewhat decreased rate of p re s su re  
drop du r ing  t h e  next  650 hours ,  and du r ing  t h e  per iod  750-1750 hours  
t h e r e  is  a gene ra l  t r e n d  f o r  t h e  p a r t i a l  p re s su re  of most gaseous 
species t o  be l e v e l i n g  o f f .  Data p o i n t s  are shown only a t  250 hour 
i n t e r v a l s  for c l a r i t y ;  however, r e s i d u a l  gas  a n a l y s i s  are obta ined  a t  
l e a s t  every 24 hours ;  and t h e  i o n  gage p res su re  i s  monitored con t inuous ly .  
This  d a t a  f o r  t h e  1900°F Lithium Loop is  i n  good agreement w i t h  t h e  T-111 
loop d a t a  presented e a r l i e r  (Figure 3) i n  t h i s  r e p o r t  i n  t h a t  H,, N2-CO, 
and A r  a r e  t h e  major gas  s p e c i e s  p re sen t  i n  t h e  chamber. 
L 
3. Loop Operat ing Temperatures 
A summary of a l l  loop  tempera tures  i s  shown i n  Figure 16. Tem- 
p e r a t u r e  d i s t r i b u t i o n  is  e x c e l l e n t ,  and t h e  100°F tempera ture  drop  
ac ross  t h e  co r ros ion  specimen section is as p r e d i c t e d .  The d e f e c t i v e  
thermocouples a r e  p r i m a r i l y  t h e  r e s u l t  of thermal  c y c l e s  caused by t h e  
shutdowns d i scussed  e a r l i e r ;  t h e s e  thermocouples w i l l  be r e p a i r e d  a t  
t h e  planned 2500 hour shutdown. 
C .  Advanced Tantalum Alloy Capsule T e s t s  
The two ASTAR 811C potassium r e f l u x  capsu le s  completed 5000 hours  
of t e s t i n g  on February 24, 1970. P o s t t e s t  v i s u a l  examination revea led  
nothing of an unusual n a t u r e  except  f o r  s l i g h t  thermal ly  etched a r e a s  
and a gold  co lored  d e p o s i t  a t  t h e  bottom of each capsu le .  These ob- 
s e r v a t i o n s  a r e  similar t o  what w a s  observed on t h e  l i t h i u m  thermal  
convec t ion  capsu le s  run  p rev ious ly .  Condensing r a t e s  and o p e r a t i n g  
c o n d i t i o n s  f o r  t h e  r e f l u x  capsu le s  j u s t  p r i o r  t o  complet ion of t h e  t e s t  
a r e  summarized i n  Table IV. 
A complete p o s t t e s t  e v a l u a t i o n  w i l l  be performed on capsu le  N o .  2 
s i n c e  it showed a h ighe r  r e f l u x  r a t e  t h a n  capsu le  N o .  1 f o r  t h e  5000 
hour t e s t .  Capsule N o .  1 w i l l  be r e t a i n e d  i n t a c t  f o r  poss ib l e  f u r t h e r  
t e s t i n g .  Capsule N o .  2 has been opened, c leaned  and t h e  specimens 
removed. P o s t t e s t  e v a l u a t i o n  of the  capsule  and specimens is  underway 
27 
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Tensile Specimen 
Section Date *Pi' 15, Ig7'Test  Time Hrs. Chamber P res su re  2 - 5  X lo-', Torr 
Heater 3'9 A 305 v 
Flow 2.2 mv 1 . O  GPM 
TEMPERATURES IN OF 
Figure  16,  1900°F Lithium Loop Operat ing Temperatures - 1725 Hours 
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TABU IV 
CONDENSING RATES AND OPERATION CONDITIONS FOR ASTAR 8 1 1 C  
POTASSIUM REFLUX CAPSULES 
Capsule 1 
Average Condensing Temperature 2194OF 
Condensing Rate a t  Average Temperature 30.9 k 0.30 l b s / h r  f t  
Average Power Input  1567 w a t t s  
2* 
Average Power Loss 
Vacuum 
T o t a l  Tes t  Hours 
CaDsule 2 
59.9% 
-9 
6.3 x 10 torr  
5003 hours  
Average Condensing Temperature 2177OF 
Condensing Rate a t  Average Temperature 33.0  +_ 0.27 lb s /h r  f t  
2* 
Average Power Input  1517 w a t t s  
Average Power Loss 
Vacuum 
55.9% 
6.3 x lo-’ t o r r  
T o t a l  Test  Hours 5003 hours  
* 
L i m i t s  r ep resen t  95% confidence l e v e l  based on l e a s t  squares  l i n e a r  
ana lys i s .  
30 
I V .  FLTTURE PLANS 
Continue p o s t t e s t  e v a l u a t i o n  of t h e  T-111 Rankine System Corros ion  
Tes t  Loop. 
Complete t h e  planned i n i t i a l  2500 hours of t e s t i n g  on t h e  1900'F 
Lithium Loop, remove t w o  of t h e  t h r e e  T-111 c l a d  f u e l  element speciiiicns, 
and r e p l a c e  t h e s e  specimens w i t h  t w o  o t h e r s ;  one t o  have a purposely 
d e f e c t i v e  c l a d .  
Complete p o s t t e s t  e v a l u a t i o n  of t h e  ASTAR 8 1 1 C  potassium r e f l u x  
capsu le  and specimens.  
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